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In  the preceding paper it was  shown that  lesions similar  to  those of the 
generalized Shwartzman reaction can be produced in rabbits as the result of 
the  combined  effects of endotoxin and  certain synthetic acidic polymers of 
large molecular size  (1).  The hemorrhagic necrosis which  characterizes this 
reaction appears to result from the deposition of fibrinoid material within the 
lumen and walls of small blood vessels in many organs. Treatment of the animals 
with heparin before the administration of synthetic acidic polymer prevents 
the  occurrence of  the  reaction.  On  morphologic grounds  it  seems  probable 
that the intravascular fibrinoid is derived from a  component of the circulating 
blood (2). 
Similar events characterize the generalized Shwartzman reaction when it is 
produced by two successive intravenous injections of endotoxin--it is ushered 
in by occlusion of small vessels by fibrinoid material, it is prevented by hep- 
arin, and the intravascular fibrinoid appears to originate within the circulating 
blood (3-5). 
An explanation for the effect of the synthetic acidic polymers, when given 
with  or  after  endotoxin,  should  provide  much  information  concerning  the 
mechanisms involved in the generalized Shwartzman reaction. A possible clue 
is furnished by the investigations of Walton (6,  7) into the properties of dex- 
tran sulfates of large molecular size. This worker demonstrated that dextran 
sulfate, in addition to its heparin-like anticoagulant property, was capable of 
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combining with and precipitating fibrinogen, and observed that the precipita- 
tion could be prevented by heparin. 
The possibility  that intravascular  precipitation  of fibrinogen may account 
for the reaction to endotoxin and acidic polymers has been investigated,  and 
the present paper is concerned with  three observations which bear upon the 
problem: (a) In animals receiving an injection of endotoxin followed by acidic 
polymer, an abrupt, profound fall in the level of circulating fibrinogen occurs, 
during the period when intravascular fibrinoid is being deposited.  (b) The fall 
in fibrinogen is prevented by the administration of heparin prior to the injec- 
tion of the polymer. (c) A protein which is precipitable in the cold by heparin 
appears in the plasma within an hour after an intravenous injection of endo- 
toxin. This material,  which seems to consist of an altered form of fibrinogen, 
disappears rapidly from the blood when the animals are given an injection of 
acidic polymer (8). 
Materials and Methods 
Rabbits.--The animals were of the same stock as in the experiments reported in the pre- 
ceding paper (1). 
Endotoxin.--Meningococcal,  Serratia  marcescens, and  Shlgdla paradysenledae endo- 
toxins were employed as described in the preceding paper (1). 
Heparin.--Heparin solutions containing  10 rag. heparin  per cc. were obtained from two 
commercial sources, The Upjohn Company, Kalamazoo, Michigan, and Organon Inc., Orange, 
New ~ersey, (liquaemin). 
Acidi~ Pdymer.--Sodium  polyanethol sulfonate  (liquoid) was used in all experiments to 
be described. It was prepared as described in the preceding paper (1). 
Fibdnogen Daermination.--A modification of the method of Saifer and Newhouse (9) was 
employed, involving the clotting by thrombin of dilute plasma in pH 6.3 phosphate  buffer. 
Fibrinogen levels were based on dry weight of the dot, and expressed as milligrams per cubic 
centimeter of plasma. 
Heparin Precipitation in Plasma.--The  reaction  of cold precipitation  of fibrinogen by 
heparin is described in a later section of this paper. The procedure consisted of adding 4.5 oc. 
of freshly drawn heart's blood to 0.5 ec. of heparin solutions of various concentrations.  The 
blood was immediately centrifuged at 2200 R.P.~. for 15 minutes, in an international  hori- 
zontal centrifuge, at room temperature.  The plasma was transferred to pyrex glass tubes and 
placed in the refrigerator at 4°C. Cold precipitation  of fibrinogen usually  began within  15 
minutes and was fully developed at the end of i hour. 
After I hour at 4°C. the tubes were centrifuged at 4°C., and the precipitate washed in the 
cold three times with 5/20 pH 7.4 SSrensen phosphate buffer. After washing, the precipitate 
was taken up in 1.5 ec. buffer solution and placed in a 37°C. water bath for 20 minutes. The 
concentration  of the redissolved protein was estimated by the biuret reaction, and expressed 
as milligrams per cubic centimeter. 
EXPE~raCF.NTAL 
Disappearance  of Circulating Fibrinogen in Endotoxin-Treated  Rabbits 
after  Injection  of Polyanethol 
In the preceding paper (1), it was shown that the lesions of the generalized 
Shwartzman reaction are produced by an intravenous injection of acidic poly- LEWIS  THOMAS,  RICHARD T.  SMITH,  RICHARD VON  KORFF  265 
mer in  rabbits, when the polymer is given simultaneously or within 4  hours 
after the administration of endotoxin. In order to learn whether the intravas- 
cular deposition of fibrinoid in these animals is associated with a  change in 
the level of fibrinogen in the blood, the following experiment was performed. 
Twelve rabbits were given an intravenous injection of 2 cc. of a 1-200 dilution of meningo- 
coccal endotoxin, and heart's blood was obtained for determination of fibrinogen 2 hours 
later. After bleeding, each animal received 8 nag. of polyanethol intravenously. A second bleed- 
ing was performed 10 minutes later in 6 animals, and after 1 hour in the remainder. Two 
control groups of 6 animals each were given the same dose of polyanethol without previous 
endotoxin, and bled 10 minutes and  1 hour later, respectively. Two additional groups of 4 
rabbits were bled before and, respectively, 2 and 3 hours after a single injection of endotoxin. 
The results are shown in Table I. In all the animals given endotoxin and 
then polyanethol, a sharp decrease in the level of fibrinogen was demonstrable 
10 minutes and 1 hour after polyanethol, indicating the disappearance of ap- 
proximately 80 per cent of the circulating fibrinogen. A  relatively slight de- 
crease was observed after polyanethol alone,  and no significant decrease oc- 
curred in the animals bled 2 or 3 hours after an injection  of endotoxin alone. 
Similar results were obtained with a  smaller dose of polyanethol following 
endotoxin. With 4 mg., the fibrinogen levels in 4 rabbits fell from an average 
of 215  to 35 rag. per cent at 1 hour. No change in fibrinogen was produced  by 
this dose of polyanethol alone.  When  endotoxin was followed by 1.5  rag.  of 
polyanethol, no significant change in fibrinogen levels occurred. 
Prevention by Heparin of the Polyanetkol-Induced  Decrease in Fibrinogen 
In the preceding paper (1), it was shown that the lesions of the generalized 
Shwartzman reaction caused by the combined injection of endotoxin and syn- 
thetic acid  polymer were prevented by heparin,  when heparin was adminis- 
tered  in  anticoagulant  doses prior  to  the  injection  of polymer.  In order  to 
determine whether  heparin also prevented the depletion  of fibrinogen which 
occurs in such rabbits, the following experiment was performed:- 
Twelve rabbits were given an intravenous injection of 2 cc. of a 1-200 dilution of meningo- 
coeeal endotoxin. 2 hours later, blood was obtained for fibrinogen determinations, and 6 of the 
animals were injected with 25 rag. of heparin by vein. All 12 rabbits then received 8 nag. of 
polyanethol. 1 hour after the injection of polyanethol, they were bled again for fibrinogen 
determinations. An additional group of 6 rabbits received 25 rag. of heparin without poly- 
anethol or endotoxin and were bled 1 hour later,  to control the possibility that the anti- 
thrombin effect of heparin might interfere with the measurement of fibrinogen. 
The results, shown in Table II, indicated that the fall in fibrinogen caused 
by polyanethol in endotoxin-treated rabbits was prevented by heparin. With- 
out heparin,  the  average fibrinogen level decreased from 220  to 46 rag.  per 
cent,  while only a  slight reduction  was observed in the heparin-treated ani- 
mals. The change in the latter group was not significantly different from that 
observed in the animals receiving heparin alone. 266  GENERALIZED  SHWARTZM_AN  REACTION.  VII 
TABLE I 
Disappearance of Fibrinogen  from Plasma after Intravenous Injection of Endotoxin 
and Polyanetkol 
Fibrlnogen, rag. per ¢~# 
Group* 
Rabbit No. 
I 
Endotoxin followed 
by  intravenous 
polyanethol 
II 
Intravenous  poly- 
anethol alone; no 
endotoxin 
III 
Endotox/n  alone; 
no polyanethol 
Before  pol-  I0 rain.  yanethol  after pol-  Rabbit No.  Before pol-  Iter  hr.pol.af- 
yanethol  yanethol  yanethol 
1  170  0  7  220  60 
2  240  70  8  240  70 
3  30O  40  9  170  30 
4  270  180  10  270  30 
5  230  0  11  150  0 
6  270  20  12  200  90 
Average  ....  247  52  Average...  208  47 
1  260  300  7  210  170 
2  240  210  8  290  260 
3  220  160  9  270  240 
4  370  340  10  260  200 
5  220  190  11  220  170 
6  190  190  12  200  160 
Average  ....  250  231  Average...  240 
Before  2 hrs. after  Rabbit No.  Before 
Rabbit No.  endotoxin  endotoxin  endotoxin 
200 
3 hrs. after 
endotoxin 
1  220  220  5  320  270 
2  320  270  6  170  200 
3  210  230  7  330  440 
4  330  270  8  220  170 
Average  ....  270  247  Average  ....  260  270 
* Group I rabbits received 2 cc. 1-200  meningococcal endotoxin, were bled 2 hours later, 
then received 8 rag.  polyanethol, and were bled 10 minutes (Nos.  1 to 6)  or 1 hour (Nos. 7 
to 12) later. Group II received polyanethol alone and were bled at the same intervals. Group 
III received endotoxin alone, and were bled 2 and 3 hours later. 
The Levels of Fibrinogen after Two Intravenous Injections of Endotoxin 
An obvious implication  to be drawn  from  the observations recorded  above 
is  that  the  abrupt  depletion  of fibrinogen  from  the  circulating  blood,  which 
occurs after  the injection of endotoxin  and  polyanethol,  may  be  causally  re- 
lated  to  the  deposition  of intravascular  fibrinoid.  It  therefore  seemed  of ira- LEWIS THOMAS~ RICHARD T.  SMITH, RICHARD VON  KORFF  267 
portance  to  determine whether  a  similar decrease  in fibrinogen takes  place 
when  the  generalized  Shwartzman  reaction is  produced  by  two  successive 
intravenous doses of endotoxin. 
TABLE II 
Prevention by Heparin  of the Disappearance of Fibrinogen Caused by Endotoxin 
and Polyancthol 
Group 
Endotoxin*  followed 2 hours later by 
polyanethol~. Heparin§ administered 
before polyanethol 
Endotoxin followed 2 hrs. later by poly- 
anethol. No heparin 
Heparin  only.  Bled  before and  1 hr. 
after heparin§ 
Rabbit No. 
Average. 
Average... 
Average  .... 
Fibrinogen,  rag. per cent 
Before pol-  t  1 hr. after 
yanethol  I polyanethol 
220  160 
430  370 
200  170 
170  130 
200  160 
170  140 
232  190 
200  9O 
170  30 
170  20 
20O  0 
170  0 
310  140 
220  46 
180  170 
390  270 
250  220 
180  170 
25O  210 
190  170 
240  201 
* 2 cc. 1-200 meningococcal  endotoxin. 
8 mg. polyanethol in 2 cc. NaC1. 
§ 25 rag. heparin injected intravenously 10 minutes before polyanethol. 
A  group  of  rabbits received two  intravenous  injections of  2  cc.  of a  1-100  dilution 
of  meningoeoccal endotoxin. Blood samples for  fibrinogen determinations  were obtained 
immediately before the second injection and at intervals of 1, 2, and 4 hours thereafter. 
The  results,  shown  in  Table  III,  were  entirely negative.  No  significant 
decrease in fibrinogen was demonstrable in any of the samples. 
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of intravascular fibrinoid and the development of renal cortical necrosis occur 
quite abruptly in animals receiving endotoxin followed by polyanethol, and in 
many instances the glomerular capillaries become completely filled with fibrin- 
oid within less than an hour after the injection of polymer. In the reaction 
resulting from two injections of endotoxin, the events occur more gradually, 
during a period occupying approximately 6 to 8 hours after the second injec- 
tion. It seems possible that any decrease in circulating fibrinogen in this cir- 
cumstance might be masked by the continuing appearance of new fibrinogen 
in the blood. 
TABLE III 
The Levels of Fibrinogen after Two Intravenous Injections of Endotoxin 
Rabbit No. 
Before 
challenge 
270 
260 
290 
320 
330 
Fibrinogen, rag. per cent* 
4 hrs. after 
challenge 
I hr. after  2 hrs. after 
challenge  challenge 
220  210 
170  230 
320  350 
290  230 
410  370 
282  278 
220 
270 
270 
230 
440 
Average  ....................  294  286 
* The animals received 2 intravenous injections of 2 cc. of 1-100 meningococcal  endo- 
toxin,  24 hours apart.  They were bled immediately before and at the indicated intervals 
after the second injection. 
Cold Precipitation by Heparin of a Protein Resembling Fibrinogen in 
Rabbit Plasma 
The previous paper indicated that the injection of heparin-like acidic poly- 
mers within 4 hours after an injection of endotoxin caused deposition of intra- 
vascular fibrinoid material,  and  in  the  foregoing section it  has been shown 
that this event is associated with an abrupt and marked depletion of fibrino- 
gen  from  the  circulating  blood.  The  capacity of heparin  to  prevent  these 
events suggested that heparin may combine with fibrinogen and thus prevent 
the formation of an insoluble fibrinogen-polymer complex. The present section 
is concerned with a  reaction between heparin and a  plasma protein fraction 
containing fibrinogen, which  is demonstrable  in plasma  specimens  obtained 
between 1 and 4 hours after an injection of endotoxin. A preliminary account 
of the finding has been presented elsewhere (8). 
Tke Occurrence  of Heparin-Precipitable Protein after Intravenous Endotoxin. 
--The phenomenon is illustrated  by an  experiment which is summarized in 
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Groups of rabbits were injected by vein with various doses of 3 different endotoxins, and 
blood was obtained by cardiac puncture 2 hours after the injection. Control bleedings were 
obtained from normal rabbits and animals injected with other materials unrelated to endo- 
toxin, and in some instances, from animals just before the injection of endotoxin. The blood 
was added to tubes containing sufficient heparin to make a final concentration of 0.1 rag. per 
cc., and the plasma was then obtained by centrifugation at 2600 g for 15 minutes. 
Aliquots of hepatinized plasma were held at 37°C., room temperature  and 4°C., and ob- 
served for precipitation at the end of 2 hours. Portions of blood were also added to 1/10th 
volume of 2 per cent sodium citrate,  and other portions were allowed to clot without anti. 
coagulant, and the citrated, plasma or serum was handled in similar fashion. 
TABLE IV 
Cold Precipitation by Heparin in Rabbit Plasma Followin  Intravenous Endotoxin 
Injected material 
Meningococcal endotoxin, 2 cc. dil. 1-100 
Meningococcai endotoxin, 2 cc. dil. 1-1000 
S. marcescens  endotoxin, 0.1 mg. 
S. marcescens endotoxin, 0.01 rag. 
Sh. paradysenteriae,  0.1 rag. 
Sh. paradysenteriae,  0.010 nag. 
Foreign serum, 5 cc. normal human serum 
Group A streptococci, 1 co. 10  -t broth dilution 
Colloidal iron saccharate, 2 cc. proferrin 
No injection 
No. of rabbits 
20 
20 
10 
10 
10 
10 
10 
10 
10 
20 
Number with 
cold precipi- 
tation b~ 
heparin m 
plasma* 
20 
14 
10 
8 
10 
5 
0 
0 
0 
1 
* All blood samples taken 2 hours after injection, with S cc. added to heparin solution 
containing 0.5 rag. heparin. Plasma chilled at 4°C. for 1 hour. 
The  chilled  heparinized  plasma  samples  from  endotoxin-treated  rabbits 
exhibited increased turbidity within 20 minutes after being placed in the re- 
frigerator, and by the end of 1 hour the majority contained a  grayish white, 
flocculent precipitate  which  settled  at  the  bottom  of  the  tubes.  When re- 
warmed to 37°C., the precipitate redissolved within a few minutes. No precip- 
itation occurred in the tubes held at room temperature or 37°C. during a  24 
hour period of observation. The citrated plasma and serum samples showed 
no cold precipitation. 
The chilled samples of heparinized plasma from  19 of the 20 normal rab- 
bits remained clear for 24 hours. A  slight degree of precipitation occurred in 
one sample. 
The times of appearance and disappearance of the heparin-precipitable ma- 
terial are indicated in Table V. Plasma obtained within less than 1 hour after 
an  injection of  endotoxin showed  no  precipitation, and  maximal  amounts 
were demonstrable between 2 and 4 hours after injection. At 18 hours, the ma- 
terial had disappeared from the majority and at 24 hours it was absent in all. 270  GENERALIZED  SHWARTZMAN  REACTION.  VII 
The influence of the concentration of heparin on the occurrence of cold pre- 
cipitation is illustrated in Table VI. With heparin concentrations of 0.1  mg. 
TABLE V 
Time of Appearance  of Heparin-Precipitable  Protein in Plasma after  Injection of Endotoxin 
Time of bleeding after endotoxin  Number of rabbits  Number with heparin-  precipitable protein 
15 rain. 
30 rain. 
1 hr. 
2 hrs. 
4 hrs. 
8 hrs. 
18 hrs. 
24 hrs. 
6 
6 
6 
6 
6 
6 
12 
12 
TABLE  VI 
Influence of Heparin Concentration on the Heparin Precipitation Reaaion 
Plasma  Rabbit No. 
2 hrs. after endotoxin* 
Normal plasma 
Heparin concentration, trig. per co.* 
1.0  0.5  0.1  0.01 
+++ 
+ 
+++ 
0 
0 
++ 
+++ 
++ 
++++ 
++ 
+++ 
+++ 
++++ 
++++ 
++++ 
++++ 
++++ 
++++ 
0 
0 
4- 
0 
0 
q- 
C1 
C1 
CI 
CI 
CI 
C1 
0 
0 
:t: 
0 
0 
-4- 
* Figures refer to final concentration of heparin in plasma. +  symbols refer to degree of 
cold precipitation by heparin. -4- indicates turbidity or few strands of precipitate;  ++++ 
indicates solidification of major portion of plasma; CI indicates the formation of fibrin clots, 
which were insoluble on warming the tubes. 
2 cc. of 1-200 dilution of meningococcal  endotoxin. 
per cc.,  the majority of plasma samples showed cold precipitation, but with 
larger amounts of heparin, i.e.  1 mg. per cc., some inhibition of the reaction 
was observed.  Concentrations of 0.01  mg. per cc.  or less were insufficient to 
prevent the formation of actual fibrin clots and could therefore not be em- 
ployed for  cold precipitation. An incidental observation, indicated in Table LEWIS  THOMAS,  RICHARD  T.  SMITH,  RICHARD  YON  KOR_FF  271 
VI, was that 0.01 mg. per cc. was usually enough to maintain incoagulability 
in normal rabbit plasma, suggesting an increased degree of heparin resistance 
in plasma obtained after an injection of endotoxin. 
Relation  of Heparin Precipitable Material  to Fibrinogen.--The  quantities of 
heparin-precipitable material contained in several samples of plasma 2 hours 
after an injection of endotoxin, estimated by the biuret method, are  illus- 
trated in Table VII. It will be seen that the amounts of material, expressed 
as protein, ranged between 42 and 86 rag. per cent. The following observa- 
tions suggest that  a  large proportion of the precipitated protein consists of 
fibrinogen  :-- 
(a)  Various amounts of heparin were added to 12 specimens of serum ob- 
tained from whole clotted blood and 12 from blood defibrinated by shaking 
TABLE  VII 
Quantitative Estimation of Heparin-Prexipitable Fibrinogen by Biuret Method 
Rabbit No. 
Heparin precipitate, rag. per cent 
Before endotoxin  2 hrs. after endotoxin 
61 
42 
86 
57 
44 
84 
Average ..............................  5  62 
with glass beads. The serum samples were derived from blood taken 2 hours 
after an injection of endotoxin, and heparin-precipitable protein was shown 
to be present in the plasma of the animals in each instance. Chilling of the 
heparin-treated sera resulted in no visible precipitation in any of the sera, in- 
dicating that the heparin-precipitable material had disappeared in the process 
of clotting. 
(b)  Although the heparin-precipitable protein which appeared within 1 or 
2 hours after chilling plasma could be redissolved by warming the plasma to 
37°C., this was not usually the case with plasma which had been allowed to 
stand at 4°C. for 24 hours or longer. In most of the latter specimens, the pre- 
cipitated material became converted to a  stringy, yellowish gray mass resem- 
bling fibrin, which did not redissolve on warming. 
(c) Paper electrophoretic studies of the heparin-precipitated material, after 
being washed by centrifugation in the cold and then redissolved in warmed 
buffer, indicated that it migrated as a  single component in a  manner similar 
to that of fibrinogen. Moreover, the electrophoretic patterns of plasma sam- 272  GENERALIZED SHWARTZMAN  REACTION. VII 
ples from which the precipitate had been removed by centrifugation showed 
a  marked decrease in the fibrinogen component.  An account of this observa- 
tion is presented in another communication  (10). 
(d) The addition of thrombin to redissolved samples of the washed precipi- 
tate resulted in clotting of approximately 30 per cent of the protein. It is pos- 
sible that part of the material may have been prevented from clotting by the 
antithrombin effect of heparin, since the persistence of heparin in the washed 
precipitates was indicated by metachromasia in some instances. 
TABLE VIII 
Prevention by Heparin of Appearance of Heparin-Precipitable Protein after 
Meningococcal Endotoxin 
Number with cold pre- 
Group*  Number of rabbits  cipitation  by 
heparin 
12  0 
I 
20  mg.  heparin  intravenously,  immediately 
before endotoxin. Bled 2 hrs. later 
II 
20 mg. heparin intravenously, 1 hr.  after endo- 
toxin. Bled 1 hr. later 
III 
20 rag. heparin intravenously, 2 hrs.  after endo- 
toxin. Bled 1 hr. later 
IV 
No heparin. Bled 2 hrs. after endotoxin 
12 
12  12 
12  11 
* All rabbits received 2 cc. of a 1-200 dilution of meningococcal endotoxin,  with heparin 
as indicated, and were bled at the indicated times. 
(e)  As is shown  below,  the depletion of fibrinogen which  follows an  injec- 
tion of polyanethol, in rabbits previously injected with endotoxin,  is accom- 
panied by a  sharp decrease in the amount  of heparin-precipitable protein in 
the plasma. 
Prevention  of  Appearance  of  Heparin-Precipitable  Material  by  Treatment 
with Heparin.--It was found that the administration of heparin, prior to the 
injection of endotoxin, prevented the appearance of heparin-precipitable pro- 
tein in the plasma. This observation is illustrated by the following experiment. 
Four groups of 12 rabbits were given an intravenous injection of 2 cc. of a 1-200 dilution 
of meningococcal endotoxin. Heparin, in a dose of 20 mg., was administered by vein immedi- 
ately before endotoxin in the first group, and I hour after endotoxin in the second, and blood 
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jected 2 hours  after endotoxin,  and the animals  were bled  1 hour  later. A fourth group  of 
untreated rabbits were bled 2 hours after endotoxin. The incidence of cold precipitation in the 
beparinized plasma of the animals is shown in Table VIII. 
None  of  the  rabbits  given  heparin  before  the  injection  of  endotoxin  ex- 
hibited  cold-precipitable material in  their  heparinized  plasma.  Prevention  of 
the  reaction  also  occurred  in  7  of  the  12  animals  receiving  heparin  1  hour 
after endotoxin, but  not in any of the rabbits in which  heparin was given at 
2 hours. 
The  observations  indicate  that  treatment  with  heparin  prevents  the  ap- 
pearance  of  the  heparin-precipitable material,  but  does  not  cause  it  to  dis- 
appear  once  it  has  become  present  in  the  blood. 
TABLE IX 
Failure of Cortisone and Nitrogen Mustard  (HN2)  to Prevent the Appearance of 
Heparln-Precipitable Protein in Plasma 
I  Number with cold 
Group*  Number of rabbits  precipitation by 
heparin 
Cortisone,  25  mg./kilo daily for  3  days before 
endotoxin 
HN2, 1.75 reg./kilo injected 72 hrs. before endo- 
toxin 
Endotoxin alone 
12 
12 
12 
10 
12 
12 
* All rabbits were bled 2 hours  after an intravenous injection  of 2 cc. of 1-200 meningo- 
coccal endotoxin. 
Absence of Effect of Cortisone and Nitrogen  Mustard.--Neither  pretreatment 
of rabbits with  cortisone,  in  a  dose  of  25  rag.  each  day for 3  days  prior  to 
endotoxin,  nor  the  administration  of  nitrogen  mustard  (HN2),  in  a  dose  of 
1.75  mg. per kilo 3 days before endotoxin, had any demonstrable effect on  the 
incidence or amount of cold precipitation by heparin, as is shown in Table IX. 
The  dose  of HN2  was  sufficient  to  produce  marked  neutropenia  in  all rab- 
bits, and was previously shown  to protect against  the lesions of the general- 
ized  Shwartzman  reaction  in  animals  given  two  intravenous  injections  of 
endotoxin (3). 
Depletion  of Heparin-Precipitable  Fraction  Following  an  Injection  of Poly- 
anethol.--When  rabbits  whose  plasma  contained  heparin-precipitable  ma- 
terial were  injected  by vein  with  polyanethol,  2  hours  after an  injection of 
endotoxin,  prompt  disappearance of  the  material from  the  plasma  occurred 
in  every  instance.  This  observation  is  illustrated  by  the  following  experi- 
ment :- 
Six rabbits received an intravenous injection of meningococcal endotoxin, in a  dose of  2 
cc. of  1-200 dilution, and heparinized  plasma was obtained 2 hours later. At this time the 274  GENERALIZED  SHWARTZMAN  REACTION.  VII 
animals were injected with 8 mg. of polyanethol, and new samples of plasma were taken  10 
minutes later. After chilling of the plasma for 1 hour, it was observed that  while all of the 
chilled plasma obtained  before polyanethol contained  large amounts  of heparin precipitate, 
none of the samples  taken after injection of this  material showed precipitates. Similar results 
were obtained in other experiments in which the animals were bled before and  1 hour after 
an injection of the polymer. 
A photograph which illustrates the disappearance  of heparin-precipitable  protein after an 
injection of polyanethol is shown  in Fig. 1. 
1A  1B  2A  2B 
Fie..  1. Cold precipitation by heparin in the plasma of endotoxin-treated rabbits,  and the 
effect of intravenous polyanethol on the reaction. Tubes 1 A and 2 A are heparinized plasma 
samples  obtained  2  hours  after  an injection of meningococcal endotoxin,  and  immediately 
prior to injection of polyanethol. Tubes 1 B and 2 B are from the same animals, bled 10 .min- 
utes after polyanethol. The tubes were photographed  after standing at 4°C. for 1 hour. 
Note  the  absence  of  heparin-precipitable  material  in  the  samples  obtained  after  poly- 
anethol. 
Cold  Precipitation  by  Heparin  in  Citrated  Plasma.  The  possibility  thal 
cold  precipitation  in  heparinized  plasma  might  represent  an  initial  stage  in 
the in vitro conversion  of fibrinogen  to  fibrin,  due  to  the  inability of  heparin 
to prevent  clotting,  rather  than  to actual  precipitation  by heparin,  was  raised 
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normal plasma failed to prevent coagulation in plasma from endotoxin-treated 
rabbits.  For example, normal plasma containing  0.01  mg.  per cc.  of heparin 
remained unclotted,  while fibrin clots formed in similarly heparinized plasma 
obtained 2 hours after endotoxin,  as is shown in Table VI. 
To test the possibility that resistance to the anticoagulant action of heparin 
might be a  basis for the  cold precipitation  reaction,  samples of plasma con- 
taining  0.2  per  cent  sodium  citrate  as  anticoagulant  were  obtained  from 6 
rabbits,  2 hours after an injection  of endotoxin.  This amount of citrate was 
sufficient  to  maintain  incoagulability  in  all  samples.  Heparin  was  added  to 
aliquots  of  each  plasma,  to  make  final  concentrations  of  0.1  and  0.01  mg. 
per cc.,  and  the  tubes  were  then  chilled  at  4°C.  Within  15  minutes,  the  de- 
velopment  of opalescence  followed  by flocculant  precipitation  was  observed 
in all  tubes,  resembling the  cold precipitation  reaction  in  plasma containing 
heparin alone. 
The  observation indicates  that  cold precipitation  involves the active par- 
ticipation of heparin, and is not due to failure of heparin to prevent coagula- 
tion. 
DISCUSSION 
The  observations contained  in  this  and  the  preceding  paper  suggest  that 
the  intravascular  fibrinoid  which  occurs  in  the  generalized  Shwartzman  re- 
action  may be the result  of precipitation of fibrinogen by an acidic polymer 
possessing  combining  properties  similar  to  those  of  heparin.  The  following 
points  of evidence are  in  favor of  this  view. 
It has been  shown  that  intravenous  injections  of certain  acidic  polymers, 
when  given  simultaneously  with  or  within  a  few  hours  after  intravenous 
endotoxin,  produce  the  typical gross and histologic lesions of the generalized 
Shwartzman  reaction.  The  earliest  pathologic  change  in  animals  receiving 
this combination is the appearance of masses of fibrinoid in the lumen of the 
glomerular capillaries, within an hour or so after the injection of polymer. 
Within  10 minutes after injection of the combination of polymer and  endo- 
toxin,  a  large  proportion  of  the  fibrinogen  disappears  from  the  circulating 
blood.  Fibrinogen  depletion  does  not  occur  after  polymer  alone,  or  after 
endotoxin alone. 
The  deposition  of  intravascular  fibrinoid  is  prevented  by  heparin,  when 
the latter agent is administered before the polymer. In animals protected by 
heparin,  neither  the  lesions of the  generalized  Shwartzman  reaction  nor  the 
depletion of circulating fibrinogen occurs. 
A  qualitative  alteration  of  fibrinogen  has  been  shown  to  occur  regularly 
after  an  intravenous  injection  of  endotoxin.  In  chilled  plasma  samples  ob- 
tained  between  1 and  4  hours  after endotoxin,  heparin  causes  precipitation 
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of plasma.  The heparin-precipitable material,  when washed  in  the  cold and 
redissolved by warming,  is partially clottable by thrombin, and migrates on 
paper electrophoresis as a  single component with  a  mobility similar  to  that 
of fibrinogen. The heparin-precipitable fraction is not demonstrable in serum. 
When animals are injected with endotoxin, and acidic polymer is subsequently 
injected at  the  time when  heparin-precipitable protein is present,  the  latter 
material,  like fibrinogen, is rapidly depleted from the blood. 
The  origin  of  the  heparin-precipitable  protein  has  not  been  established. 
It  may represent an  intermediate  in  the  conversion of fibrinogen  to  fibrin. 
The inhibition of its formation by heparin suggests that partial polymeriza- 
tion of fibrinogen may be one of the effects of endotoxin in  the rabbit. 
Walton  (6,  7)  has  shown  that  dextran  sulfate  has  the  property of  com- 
bining with fibrinogen in vitro. Precipitation of fibrinogen could be prevented 
by heparin, an effect which was explained on the basis of competition between 
heparin and  the heparin-like synthetic polymer for a  site of combination in 
the fibrinogen molecule. A  similar explanation may account for the preven- 
tion by heparin of the in vivo effects of the acid polymers in endotoxin-treated 
rabbits. It is also conceivable that the alteration in fibrinogen which leads to 
its cold precipitability by heparin may be the basis for its enhanced precipi- 
tability in  vivo by the synthetic polymers, and prevention of this alteration 
may be the basis for the effect of heparin. 
A  point  which  does  not  support  the  analogy  between  the  generalized 
Shwartzman  reaction and  the  reaction to endotoxin followed by polymer is 
the failure to demonstrate a  fall  in  the  level  of  fibrinogen  in  animals  sub- 
jected to the generalized Shwartzman reaction by two successive intravenous 
injections of endotoxin. However, in  the  latter case,  deposition of intravas- 
cular  fibrinoid and  the  development of renal  cortical necrosis is  a  consider- 
ably slower and more gradual process than in animals receiving the combina- 
tion  of  endotoxin  and  acid  polymer,  and  it  is  possible  that  depletion  of 
fibrinogen may be masked by a  continued replacement of new fibrinogen in 
the blood. This aspect of the problem requires further study before conclusions 
can be reached. 
The failure of nitrogen mustard  (HN2)  to prevent fibrinoid deposition or 
renal  cortical  necrosis  in  the  animals  given  endotoxin  combined  with  syn- 
thetic acid polymer is of interest,  and  it is of particular interest  that  HN2 
had no effect on the development of heparin-precipitable protein in plasma. 
It  was  shown  in  earlier  experiments  (3)  that  the  protective effect of HN2 
against  the generalized Shwartzman reaction was probably due to  the poly- 
morphonuclear leucopenia produced by this agent.  It would appear that  the 
polymorphonuclear leucocytes, which  seem  to  be  required  for  the  develop- 
ment  of  the  reaction  caused  by two  successive injections of endotoxin,  are 
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the  polymer  may  provide  a  substitute  for  a  function  performed  by  the 
leucocytes. 
If this be the case, an hypothesis to account for certain events in the gen- 
eralized  Shwartzman  reaction  might  be stated  in  the  following  terms:  the 
stage of preparation for the reaction, during the 24 hour period after the first 
dose of endotoxin, may involve an effect on leucocytes or other cells which 
results in the availability of a  material  with the biological  properties of the 
synthetic acidic polymers. By the time this occurs, 18 to 24 hours after the 
first  dose, precipitable fibrinogen  no longer is present  in  the blood. But at 
this  time a  second injection  causes the reappearance  of altered  fibrinogen, 
and  intravascular  precipitation  of  this  material  by the  polymer begins  to 
occur, with intravascular fibrinoid as the result. In this hypothesis, the pro- 
tective effect of HN2 could be explained  by the absence of leucocytes caused 
by this agent, and the protection by heparin could be accounted for either by 
the failure of precipitable fibrinogen to appear in the blood or by the compet- 
itive  combination  of  heparin  with  fibrinogen  which  would  otherwise  be 
precipitated by the polymer. 
Certain  points  of  resemblance  between  the  lesions  of  the  generalized 
Shwartzman reaction and those of certain human disease states characterized 
by intravascular  fibrinoid  deposition,  such  as  rheumatic  fever and  dissem- 
inated  lupus  erythematosus,  have  been  mentioned  in  earlier  publications 
(11,  12). The possibility that  precipitation of fibrinogen  by acidic polymers 
may be the basis for the formation of fibrinoid  in these conditions is currently 
under study. 
SUMMARY 
An  intravenous  injection  of sodium  polyanethol  sulfonate,  a  heparin-like 
synthetic  polymer of  large  molecular  size,  into  rabbits  given  endotoxin  2 
hours  previously,  results  in  the  abrupt  disappearance  from  the  circulating 
blood of a large proportion of fibrinogen.  The depletion of circulating fibrin- 
ogen is  prevented  by the  administration  of heparin  prior  to  the  synthetic 
polymer.  In  animals  receiving  the  polymer  alone,  or  endotoxin  alone,  no 
depletion of fibrinogen  occurs. 
It is suggested that  the intravascular  deposition of fibrinoid  and  the sub- 
sequent  necrotizing  lesions  of  the  generalized  Shwartzman  reaction,  which 
occur after the combined injection of endotoxin and synthetic acid polymer, 
may be due to the intravascular precipitation of fibrinogen  by polymer. 
A  qualitative change in fibrinogen,  characterized  by its precipitability by 
heparin  at low temperature,  is regularly demonstrable in plasma between 1 
and 4 hours after an intravenous injection of endotoxin. The appearance of 
this  heparin-precipitable  fraction  is  prevented  by  treatment  with  heparin 
before endotoxin.  It is not influenced  by nitrogen mustard or cortisone. 278  GENERALIZED  SHWARTZ~IAN  REACTION.  VII 
During  the period when depletion of circulating fibrinogen is produced by 
polyanethol,  in  endotoxin-treated  animals,  the  heparin-precipitable  fraction 
also disappears from the blood. 
It is suggested  that  the  change  in fibrinogen may represent  partial  poly- 
merization,  and  the cold precipitability  of this material  by heparin  may be 
related  to its enhanced  precipitability,  in vivo, by polyanethol. 
An  hypothesis  which  accounts  for  certain  events  in  the  generalized 
Shwartzman  reaction,  based  on  observations  reported  in  this  study,  is 
presented. 
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